Historic,  Archive  Document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


U.S.D  A  NAL 


Reserve 

aQE571 

.F33 

1962 


Fra m 


om  STATES  QF 

Soil  l«rvie« 


FEB  1  ^  /UUU 

Cataloging  Prep 


r.  o.  lot  M8 
Teople,  Text* 
^titter  25*  1562 


Clyde  If*  A s* latest  SfcH«  Ccsservatiostst , 

$C$,  feeble 


Subjects  m  *  Sediaenfc^tioa 


Enclosed  ere  t«o  espies  ©£  e  peper  estitlel,  ’Ttottaani  Iiafltaeceiog  S«dts©at 
Delivery  |«U«i  it.  the  Bleefctsed  Tratrie  t©s4  See&ssre#  Am,"  prepared  % 
^recoael  ©£  the  S6&P  Halt  etef£« 

Thin  guide  le  e  revisleas  ©f  "SuBseefced  Criterl*  fer  Estissaiiag  Gross  Sheet 
TreeAeBt  Se-Jissat  Beit  wry  t|y»£r^a«^s  Preblecs  Are*  it  Soil 

Gossezvetlct*  '  distributed  %  the  E6H?  felt  ©Tfiea  it  February*  19$  3. 

The  galde  it  ijst€»dsyi  primarily  for  use  fey  plsmtag  petty  geologist*  is 
watershed  work  pies  dsveidpsg»fe . 


ee  %ff  frh  attedussefc  s 

1,  M,  few»4a«4ft8,  S/0 

\l>«  g.  Sarsfes,  >/$ 


FACTORS  INFLUENCING  SEDIMENT  DELIVERY  RATIOS 


IN  THE 

B LACKLAND  PRAIRIE  LAND  RESOURCE  AREA 

INTRODUCTION 

This  paper  presents  the  results  of  a  study  designed  to  isolate 
watershed  variables  that  are  closely  associated  mathematically  as 
well  as  rationally  with  the  sediment  delivery  ratios  of  a  group  of 
small  watersheds  in  the  Blackland  Prairie  Land  Resource  Area.  In 
addition  to  determining  variables  that  are  indicators  of  sediment 
delivery  ratio,  the  characteristics  of  the  most  significant  indepen¬ 
dent  variable  was  studied  in  terms  of  its  relationship  to  watershed 
conditions  believed  to  promote  or  inhibit  the  downstream  delivery  of 
erosional  material. 

A  sediment  delivery  ratio  study,  involving  a  limited  number  of 
samples,  in  the  Blackland  Prairie  Land  Resource  Area  was  made  by 
Maner  and  Barnes‘S  in  1953.  The  current  investigation  utilized  the 
original  data  as  well  as  sediment  yield  and  erosion  data  for  other 
reservoirs  not  previously  reported. 


1/  "Suggested  Criteria  for  Estimating  Gross  Sheet  Erosion  and  Sediment 
Delivery  Rates  for  the  Blackland  Prairie  Problem  Area  in  Soil 
Conservation"  -  Sam  B.  Maner  and  Leland  H.  Barnes,  U.  S.  Dept,  of 
Agriculture,  SCS,  Fort  Worth,  Texas,  1953 
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Sediment  yield  is  dependent  upon  gross  erosion  from  a  watershed  and 
the  transport  of  the  eroded  material  to  a  given  point  of  measurement.  In 
almost  all  watersheds  the  sediment  delivered  to  any  point  during  any  period 
will  be  less  than  100  percent  of  the  gross  erosion  occurring  above  that 
point.  Since  only  a  part  of  the  material  set  in  motion  by  erosion  pro¬ 
cesses  is  moved  out  of  a  watershed,  the  gross  erosion  figure  must  be 
adjusted  downward  to  arrive  at  the  sediment  yield.  This  adjustment  factor 
is  the  ratio  of  sediment  yield  to  gross  erosion  and  is  termed  the  sediment 
delivery  ratio.  It  is  dependent  upon  several  interrelated  physical,  hydro- 
logic,  hydraulic  and  other  watershed  characteristics.  If  significant 
relationships  between  sediment  delivery  ratio  and  certain  watershed  charac¬ 
teristics  can  be  established  for  a  group  of  watersheds  in  a  relatively 
homogeneous  area,  it  is  then  possible  to  develop  a  procedure  for  making 
sound  estimates  of  expected  sediment  yield  from  gross  erosion  data  and 
the  sediment  delivery  ratio  characteristics  of  other  watersheds  within 
this  area. 

Reliable  basic  data  on  sediment  yield  is  of  major  importance  to  the 
Soil  Conservation  Service  in  the  development  and  application  of  the 
watershed  protection  and  flood  prevention  phase  of  the  overall  program, 
which  is  designed  to  reduce  upstream  floodwater  and  sediment  damages. 

Under  this  program  the  significance  of  sediment  yield  is  pinpointed 
when  considering  such  things  as  (1)  floodwater  retarding  structure  design, 
in  terms  of  sediment  storage  requirements  for  a  given  period;  (2)  the 
intensity  of  land  treatment  required  to  reduce  soil  erosion  to  a  given 
level;  (3)  the  location  and  extent  of  sediment  sources  so  that  effective 
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control  measures  can  be  planned  and  installed;  and  (4)  watershed  protection 
program  evaluations,  etc. 

Sediment  Yield  and  Gross  Erosion 

Fourteen  watersheds  on  which  annual  sediment  yield  and  gross  erosion 
data  are  available  were  selected  for  use  in  developing  the  sediment  deli¬ 
very  ratios  used  in  this  study.  Sediment  yield  values  for  the  sample 
watersheds  were  established  by  adjusting  measured  reservoir  sediment 
deposition  for  reservoir  trap  efficiency. 

Annual  gross  erosion  estimates  were  made  separately,  computing  the 
amount  derived  from  sheet,  channel  and  gully  erosion.  The  average  annual 
quantity  of  material  derived  from  channel  and  gully  erosion  was  determined 
by  estimating  the  annual  increase  in  void  area  (expressed  as  volume)  for 

all  channels  and  gullies.  Annual  sheet  erosion  rates  were  computed  by  the 

2/  3/ 

Mus grave  method-  in  a  manner  previously  described  by  Barnes  and  Maner—  . 

A  copy  of  that  procedure  is  included  as  an  appendix  to  this  paper. 

Watershed  Physical  Surveys 

Detailed  studies  were  made  of  the  watershed  above  each  reservoir  to 
obtain  quantitative  data  on  physical  characteristics  which  were  thought 
to  influence  downstream  delivery  of  eroded  material.  The  variables 
studied  were:  (1)  watershed  area,  (2)  channel  density,  (3)  main  stem 

2/  "The  quantitative  evaluation  of  factors  in  water  erosion,  a  first 
approximation",  G.  W.  Musgrave,  Journal  of  Soil  and  Water  Conserva¬ 
tion,  2,  133-170,  1947. 

3/  "A  method  for  estimating  the  rate  of  soil  loss  by  sheet  erosion  from 
individual  fields  or  farms  under  various  types  of  land  treatment", 
Leland  H.  Barnes  and  Sam  B.  Maner,  U.  S.  Dept,  of  Agriculture,  Soil 
Conservation  Service,  Fort  Worth,  Texas,  12  pp.,  1953. 
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channel  length,  (4)  relief- length  ratio  and  (5)  watershed  relief  and 
various  combinations  of  these  variables.  Values  for  the  various  vari¬ 
ables  used  in  the  study  are  shown  in  table  1. 

Analysis  of  Data 

Regression- type  analyses  were  used  to  establish  mathematical 
relationships  between  the  dependent  variable,  sediment  delivery  ratio, 
and  various  independent  variables  selected  for  testing  in  this  study. 

Scatter-diagram  type  plottings  of  sediment  delivery  ratio  with  the 
various  independent  variables  indicated  a  definite  departure  from 
linearity  in  most  cases.  Similar  plottings  on  logarithmic  paper  indi¬ 
cated  the  relationship  between  sediment  delivery  ratio  and  various 
physical  characteristics  of  the  sample  watersheds  to  be  exponential  in 
form.  Therefore,  the  numerical  values  of  all  variables  were  transformed 
to  logarithms  for  use  in  the  analyses. 

A  comparison  of  the  various  log- log  plottings  indicated  watershed 
area  to  be  a  slightly  better  indicator  of  sediment  delivery  ratio  than 
the  other  variables  tested.  A  non-linear  correlation  between  watershed 
area  and  sediment  delivery  ratio  was  computed  to  obtain  the  regression 
equation: 

Log  DR  =  1.87680  -  0.14191  Log  10A  (1) 

where 

DR  =  Estimated  sediment  delivery  ratio  in  percent 
of  annual  erosion 

A  =  Sediment  contributing  area  in  square  miles. 

4-  17034  8-62 


Table  1  -  Basic  Data  Used  in  Sediment  Delivery  Ratio  Study 
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1/  Excluding  the  reservoir  area. 
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The  standard  error  of  estimate  of  this  equation  is  i  0.03007  log 
units  and  the  coefficient  of  curvilinear  correlation  is  0.96,  which 
expresses  a  92  percent  account  of  the  variations  between  watersheds  in 
sediment  delivery  ratios.  The  empirical  relationship  of  sediment 
delivery  ratio  to  watershed  area  is  presented  in  the  form  of  the  delivery 
ratio  curve  in  Figure  1. 

Subsequent  testing  of  other  independent  variables,  individually  and 
in  association  with  each  other,  failed  to  improve  equation  (1).  However, 
channel  density  (ft.  of  channel  per  square  mile  of  watershed),  relief- 
length  ratio  (height  of  watershed  in  feet  divided  by  length  of  watershed 
in  feet  with  length  measured  essentially  parallel  to  the  main  stem 
channel),  and  main  stem  channel  length  (in  feet)  were  found  to  be  significant 
indicators  of  watershed  sediment  delivery  ratio. 

The  results  of  four  correlations  in  terms  of  correlation  coefficient, 
proportion  of  explained  variation  in  delivery  ratios  attributable  to  each 
independent  variable  or  combinations  of  variables,  and  the  relative 
importance  of  each  correlation  in  explaining  variations  in  sediment  delivery 
ratios  are  presented  in  Table  2. 


Table  2  -  Results  of  Correlation  Analyses;  Dependent 
Variable,  Sediment  Delivery  Ratio 


Independent  Variables 

Correlation : 
Coefficient : 
R  : 

Proportion  of: 

Explained  : 
Variation  R^  : 

Explained 

Variation 

Index 

Watershed  Area  (sq.mi.) 

0.96 

92 

1.00 

Channel  Density  (mi. /sq.mi.) 

0.95 

90 

0.*98 

Main  Stem  Channel  Length  (ft. 

) 

0.94 

88 

0.95 

Relief-Length  Ratio 

0.92 

84 

0.91 
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Characteristics  of  Watershed  Area  Variable 

A  study  of  the  characteristics  of  the  size  of  watershed  variable,  when 
used  in  a  regression  analysis  with  sediment  delivery  ratio,  showed  that  the 
net  influence  of  several  watershed  factors  are  represented  in  the  derived 
equation  for  estimating  sediment  delivery  ratio.  For  example,  plottings  on 
log- log  revealed  that  watershed  size  is  significantly  related  to  the  follow¬ 
ing  measurable  characteristics  of  the  sample  watersheds: 

(1)  Length  of  all  channels:  In  this  relatively  homogeneous 
area  total  channel  length  was  found  to  increase  with  an 
increase  in  size  of  watershed;  (2)  Channel  density:  In 
contrast  to  the  large  watersheds,  small  watersheds  are 
found  to  have  more  linear  feet  of  channels  per  unit  of 
area;  (3)  Main  stem  channel  length:  The  length  of  a  main 
stem  channel  is  directly  related  to  the  area  of  the  water¬ 
shed  it  serves;  (4)  Relief:  Total  relief  increases  with 
increasing  watershed  size;  (5)  Relief- length  ratio:  Large 
watersheds  usually  have  lower  relief- length  ratio  values 
than  smaller  watersheds  in  the  same  area;  (6)  Alluvial 
soils  area:  In  contrast  to  small  watersheds,  larger 
watersheds  have  a  greater  proportion  of  their  total  area 
in  alluvial  soils,  indicating  an  inverse  relationship 
between  watershed  area  and  downstream  delivery  of  erosional 
material . 

Conclusion 

Sediment  delivery  ratio  in  the  Blackland  Prairie  Land  Resource  Area  is 
a  function  of  several  watershed  characteristics.  These  are  related  to 
and  apparently  are  adequately  expressed  by  the  watershed  area  variable. 
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ANNUAL  GROSS  EROSION 
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In  estimating  annual  gross  erosion  the  quantity  of  material  derived 
from  sheet  erosion  and  the  quantity  contributed  by  channel,  gully  and/ 
or  streambank  erosion  must  be  computed  separately. 

Sheet  Erosion 

Sheet  erosion  is  computed  by  the  Musgrave  equation: 


FRS 


1.35 


0.35 


30 


1.75 


where 


E  =  Sheet  erosion,  acre-inches  per  year  1/ 

F  =  Soil  factor,  basic  erosion  rate  in  inches  per  year 
for  each  soil  unit 
R  =  Cover  factor 
S  =  Land  slope  in  percent 
L  =  Length  of  land  slope  in  feet 
P30  =  Maximum  30-minute  intensity,  2-year  frequency  rainfall, 
in  inches . 

To  illustrate  this  method  for  computing  annual  sheet  erosion,  step 
by  step  tabulations  and  computations  for  a  sample  watershed  are  shown 
in  table  5. 


1/  E  may  be  expressed  in  inches,  feet  or  tons  per  acre  depending  on 
the  unit  of  measure  used  for  item  F. 

U.  S.  DEPARTMENT  OF  AGRICULTURE,  SOIL  CONSERVATION  SERVICE 
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Assuming  that  a  soil  unit  map  of  the  watershed  is  available,  the 
first  step  in  computing  annual  sheet  erosion  is  to  delineate  and/or 
measure  the  area  (acres)  of  each  type  of  cultivated  crop  (small  grains, 
row  crops,  etc.)  and/or  range  condition  class  by  soil  unit,  land  slope 
in  percent,  length  of  slope  in  feet  and  type  of  treatment  (such  as  terraced 
areas).  Total  all  like  delineations  or  measurements  and  record  under  basic 
data  on  a  form  such  as  table  5. 

From  table  1  select  the  basic  erosion  ratei^  by  soil  units  and  record 
it  in  column  10.  From  tables  2,  3,  or  4  and  figure  1  select  the  sheet 
erosion  adjustment  factor  for  each  separate  tabulation  under  Basic  Data 
and  record  in  the  appropriate  column  under  Sheet  Erosion  Computations . 

The  product  of  columns  10,  11,  12,  and  13  is  the  average  annual  sheet 
erosion  rate  in  inches  (column  14).  Column  14  is  converted  to  acre-feet 
to  obtain  column  15. 

All  data  used  in  table  5  are  self  explanatory  except  slope  length. 

Slope  length  may  be  measured  on  aerial  photographs  or  on  the  ground.  On 
terraced  fields,  slope  length  is  the  average  distance  between  terraces. 

For  all  other  areas  slope  length  is  the  total  uninterrupted  distance 
overland  flow  must  travel,  on  a  given  grade,  before  reaching  a  well 
defined  drainageway.  Fence  rows  across  slopes  are  considered  as  slope 
length  breaks.  In  some  cases  slope  length  may  not  be  confined  entirely 
to  the  field  or  farm  involved  but  may  include  the  distance  across  a  neighbor¬ 
ing  area. 

JL /  Basic  erosion  rate  values  in  table  1  are  based  on  10  percent  land  slope, 

72  ft.  slope  length,  100  percent  row  crop  cover  cultivated  downhill,  and 
a  30-minute,  2-year  frequency  rainfall  of  1.375".  Tables  2,  3,  and  4 
are  used  to  adjust  for  any  change  from  the  above  conditions. 
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Channel,  Gully  and/or  Streambank  Erosion 

Annual  erosion  (in  acre-feet)  from  these  sources  is  computed  from 
measurements  made  in  the  field  and  recorded  on  a  form  similar  to  table 
6.  In  connection  with  column  4  of  this  table,  annual  rates  of  lateral 
or  vertical  cutting  can  be  estimated  by  comparing  aerial  photographs 
of  different  dates,  from  cross-section  resurveys,  data  from  land  operator 
or  other  local  residents.  To  illustrate  this  procedure  for  computing 
annual  streambank  and  gully  erosion,  the  tabulations  and  computations 
for  a  sample  watershed  are  shown  on  table  6. 
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Table  No.  1 

Basic  Erosion  Rates  by  Soil  Units* 


: 

Annual 

Soil  Loss  : 

:  : 

Annual  Soil 

Loss 

Soil  Unit  : 

Inches 

:  Feet  : 

:  Soil  Unit  : 

Inches  : 

Feet 

1 

.65 

.054 

12 

.15 

.013 

1 

.54 

.045  1/ 

12x 

.12 

.010 

2 

.54 

.045 

13 

.12 

.010 

2x 

.41 

.034 

14 

.29 

.024 

2xd 

.08 

.007 

15 

.12 

.010 

3 

.65 

.054 

16 

.65 

.054 

4 

.54 

.045 

17 

.54 

.045 

4H 

.54 

.045 

18 

.41 

.034 

6/ 

4x 

.41 

.034 

18 

.65 

.054 

5 

.65 

.054 

19 

.65 

.054 

5a 

.65 

.054 

19a 

.65 

.054 

6 

.41 

.034 

20 

.41 

.034 

6 

.65 

.054  2/  3/ 

20d 

.15 

.013 

6 

.54 

.045  4/  5/ 

6/  23 

.41 

.034 

6d 

.29 

.024 

24 

.54 

.045 

7 

.29 

.024 

24 

.65 

.054 

9/ 

7 

.41 

.034  7/  8/ 

24c 

.08 

.007 

7 

.65 

.054  2/  3/ 

24d 

.41 

.034 

7d 

.15 

.013 

25 

.41 

.034 

7f 

.15 

.013 

25 

.65 

.054 

3/ 

9/ 

7x 

.15 

.013 

25c 

.08 

.007 

7xd 

.08 

.007 

25d 

.08 

.007 

8 

.41 

.034 

26 

.08 

.007 

9 

.29 

.024 

27 

.08 

.007 

10 

.29 

.024 

27 

.65 

.054 

11 

.29 

.024 

28 

.08 

.007 

28 

.65 

.054 

4/ 

5/ 

1/  High  Plains 

2/  Loessial  Hills  (Arkansas) 

3/  Loessial  Terraces  (Arkansas) 

4/  Rolling  Red  Plains 

5/  Reddish  Prairies 

6/  West  Cross  Timbers 

JJ  Ozark  Highlands 

8/  Ouachita  Highlands 

9_/  East  Texas  Timberlands  (Texas) 

Forested  Coastal  Plain  (La. -Ark. -Okla. ) 

*  Based  on  107o  slope;  72  feet  slope  length,  1.375  inches  P30  2-yr. 
frequency  rainfall,  100%  row  crop  cultivated  down  hill. 
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Table  2 

COVER  ADJUSTMENT  FACTORS  -  CROPLAND 
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Table  3 


Relative  Rates  of  Erosion  Under  Various 

and  Cover  Conditions 

Types  of  Cover 

Type  and  Cover  Condition 

Percent  of  Row  Crop 
Erosion  Rate 

Row  Crop 

100 

1/ 

Small  Grains  (Fall  Planted) 

30 

1/ 

Small  Grains  (Spring  Planted) 

40 

1/ 

Rotation  Hay  and  Pasture 

10 

1/ 

Pasture  Excellent  Cover 

1 

2/ 

Pasture  Good  Cover 

10 

2/ 

Pasture  Fair  Cover 

20 

2/ 

Pasture  Poor  Cover 

30 

2/ 

Pasture  Very  Poor  Cover  (Stomp  Lots,  etc.) 

50 

2/ 

Woods  Poor  Cover 

15 

1/ 

Woods  Fair  Cover 

10 

1/ 

Woods  Good  Cover 

.01 

1/ 

Reference : 

\l  Time  Table  Study,  June  1949 
2/  Estimated 


COVER  DENSITY  GUIDE 


Cover  Condition 

Excellent 

Good 

Fair 

Poor 

Very  Poor 


Ground  Cover 
Including  Litter  (%) 

90  -  100 
70  -  89 
50  -  69 
30  -  49 
15  -  29 
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Table  5  -  SAMPLE  SHEET  EROSION  CALCULATIONS 
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ANNUAL  CHANNEL  EROSION 
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.  SQ.  MILES  L5 

_  DATE 

in 

VOLUME  OF  ERODED  MATERIAL 

(Product  of  Col.  2,  3,  &  4) 

(  Ac. Ft.  ) 

.0  165 

m 

o 

o 

.0207 

- 1 
in 
r- 

o 

(  Cu.  Ft.  ) 

720 

450 

006 

-1 

o 

r- 

o 

CN 

SITF  Nn  10  WATFRFHFD  Elm  Creek  rniINTY  HlM  ACRES  960 

LAND  RESOURCE  AREA:  B 1  ack  1  and  P  rai  r  i  e  RIVER  BASIN  Trinity 

UJ 

t- 

_j  -J  < 

<  <  cc  _ 

£  ac  -  +: 

i_  o  I -  z  £ 

<  cr  —  _ 

_i  lu  l- 

3 

CJ 

o 

CN 

o 

o 

TOTAL 

AV.  HT. 

OF  BANK  OR 
Wl  DTH  OF 
CHANNEL 

(  Ft.  ) 

m 

in 

CN 
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AFFECTED 

(  Ft.  ) 

900 

1500  | 

1800 

- 

TYPE  OF  EROSION  j 
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X 

CHANNEL 

ENTRENCH¬ 
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OR 

HEADCUTS 
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Roads i  de 

X 

Anci ent 

Mode  rn 

X 
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